Structural, Computational, and Spectroscopic Investigation of [Pd(kappa(3) 
There are many different types of ligands that are closely related to dppf, but the most common are ones in which the R groups on the phosphorus atoms are altered (Figure 1 ).
Changing the R groups not only impacts the potential at which oxidation of the iron center occurs, 2 it can also play a significant role in the reactivity of compounds containing these ligands. In particular, the steric bulk of the tert-butyl groups in dtbpf 3 has been proposed to be responsible for drastically different behavior that has been observed in several studies of compounds containing this ligand. The catalytic activity of compounds employing bis(phosphino)ferrocene ligands can be significantly impacted by the steric bulk of dtbpf. The coupling of diphenylphosphine and oCF3C6H4Br was much more efficient with a dippf-Pd(OAc)2 catalyst precursor than with dtbpfPd(OAc)2. 4 Of the [Pd(P ∩ P)Cl2] (P ∩ P = dppf, dippf or dtbpf) catalysts, the dtbpf compound was found to be the least efficient in the cross-coupling of aryl Grignards with bromo-anisoles. 5 For the allylic amination of a Morita-Baylis-Hillman acetate the catalyst-ligand systems [Pd(C3H5)Cl]2-(P ∩ P) (P ∩ P = dppf, dippf or dtbpf) were similar in terms of product formation, but the dtbpf catalyst gave much higher regioselectivity of the product. 6 Similarly, the reductive carbonylation of 4-bromoacetanilide using [Pd(dppf)Cl2] as the catalyst gives predominantly the desired aryl aldehyde product while using [Pd(dtbpf)Cl2] gives exclusively the arene. 7 For the [Ru(PPh3)3(CO)(H2)]-(P ∩ P) (P ∩ P = dppf, dippf or dtbpf) catalyzed alkylation of tert-butyl ketonitrile with benzyl alcohol, the greater bulk of dtbpf significantly inhibits product formation. 8 In non-catalytic system, the steric bulk of dtbpf can also play a significant role. Unlike the related 1,1ʹ-bis(phosphine selenide)ferrocene compounds, 9 oxidation of dtbpfSe2 results in the formation of an isolable Se-Se bonded dication that has been structurally characterized. 2d Reductive elimination of diaryl ethers from [Pd(P ∩ P)(Ar)(OArʹ)] (P ∩ P = dppf or dtbpf) was found to be significantly faster for the bulkier dtbpf compound. 10 A study of the formation of palladium aryl enolates found that dppf bound as a bidentate ligand to palladium whereas a similar reaction with dtbpf yielded a compound in which only one of the phosphorus atoms of dtbpf was bound to the palladium. attempts to drive a reaction with a second equivalent of B(C6F5)3 lead to decomposition. 12 Of greatest significance to this report are the studies in which dtbpf binds in a κ Average of two crystallographically independent molecules in the unit cell.
RESULTS AND DISCUSSION

Synthesis and Structural Characterization
b
The tilt angle of the two C5 rings. The torsion angle formed between Ca-Cent.a-Cent.b-Cb, with C being the carbon atom bonded to phosphorus and Cent. the centroid of the C5 ring. The distance between the P atoms and the C5 plane; a positive value means the P atom is closer to Fe. Two other techniques were employed to further examine the Fe-Pd interaction in these compounds. The visible spectrum of these compounds displays a single absorbance that can be attributed to Fe d-d transitions (Table 2) . 21 The λmax values shift to higher wavelengths as the donor ability of the halide increases. This is opposite of the trend observed in the coordinated metal has been observed to play an important role on the resulting Mössbauer parameters; square planar species tend to have smaller  and |EQ|, followed by octahedral species with slightly perturbed values, and ultimately tetrahedral complexes with larger parameters relative to ferrocene. 28 These findings correlate directly with the Fe-Cent. distance to the center of each Cp ring: the shortest values are found for square planar and the longest for tetrahedral complexes. 28 While the structure of dtbpf has not been reported, the Fe-Cent. (Table 3) . To probe the temperature-dependent isomerization in In contrast to , the quadrupole splitting (|EQ|) has been proposed to be more sensitive when equatorial interactions are proposed in ferrocene compounds.
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It is well known that |EQ| has an almost negligible variation with temperature and thus any interaction with the iron atom in ferrocene compounds can be diagnosed via this parameter. 31 In Table 3 
Electrochemistry
The electrochemistry of [Pd(dtbpf)Br][Br] was examined using cyclic voltammetry.
Similar to the analogous chloride, the oxidative electrochemistry displays a single, chemically reversible wave (Table 4) . This wave is due to the oxidation of the iron center. The trend in the potentials follows what is predicted by the computational analysis (vide infra); as the strength of (Table 5) consistent with a weak, non-covalent interaction (see the supporting information for details).
Catalytic Studies
To further examine the effect of changing the halide, the catalytic activity of the Using similar conditions to the previous report (Table 5 ) (Table 6 ). While none of these species were isolated, it is possible to propose a reasonable formula based on the available data. The peak at (Table 5 ). were prepared according to literature procedures. All reactions were carried out under argon using standard Schlenk techniques unless otherwise noted. Methylene chloride (CH2Cl2), hexanes and diethyl ether (Et2O) were purified using a Solv-Tek purification system similar to the one previously described. ) were selected and mounted using super glue onto a glass fiber and cooled to 100 K with a stream of dry nitrogen gas. A second sample was used to record data at a variety of temperatures (Supporting Information). Cell parameters were retrieved using APEX II software Data were background subtracted. Experiments were conducted at scan rates of 50 mV/s and 100
-1000 mV/s in 100 mV/s increments. All data are reported at a scan rate of 100 mV/s.
Computational Studies. All structures were optimized using the ADF2013.01 software suite. Catalytic Studies. The reactions were performed under argon in THF (1.5 mL) with 1.5 mmol of 4-chlorotoluene, 1.65 mmol of propiophenone, 1.65 mmol of sodium tertbutoxide and 0.03 mmol of the desired palladium complex. The reactions were stirred and heated for 3 h at 60
˚C before being allowed to cool to room temperature. A 100 μL sample of the reaction mixture was diluted in 1.00 mL of a THF solution of phenanthrene (~ 7 mg). The sample was then injected into a CG-MS and the concentration of the desired product was determined. Reactions were performed three independent times with each catalyst.
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Tables, figures, CIF files giving crystallographic data, computational results and whatever else ends up there. This material is available free of charge via the Internet at http://pubs.acs.org.
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